Introduction
Overweight and obesity are recognized as important public health challenges worldwide. 1, 2 In Europe, 30-80% of adults and about 20% of children and adolescents are either overweight or obese and the trend is particularly alarming because the current annual rate of increase is much higher than that of the 1970s. 2 Although obesity is the result of an unbalanced energy intake and expenditure, mechanisms implicate genetic, environmental, socioeconomic, cultural and behavioral factors. Among cultural and behavioral factors, eating out of home has received increasing attention. There are several publications on eating out and obesity that make use of cross-sectional [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] and longitudinal data. 5, 11, 16, 17 Results, however, have been inconsistent, probably because of different definitions used and variable study objectives. Eating out was either defined to include all food items prepared at out-of-home locations, irrespective of place of consumption; 3, [7] [8] [9] [10] or alternatively, all food items consumed at out-of-home locations, irrespective of place of preparation. 14, 15, [17] [18] [19] [20] Furthermore some studies refer to eating out in general; 3, [7] [8] [9] [10] 14, 15, 17 others focus on restaurant visits, 4, 16 and several refer to fast food consumption in particular. [4] [5] [6] 11, 13, 16 In terms of outcome, on the other hand, some studies assess associations of eating out with energy and fat intake; 3,10 others with body mass index (BMI) or body weight; 4, 11, 16 a few with the risk of being obese 14, 15 and many with a combination of several of the above. [5] [6] [7] 9, 13, 17 We have analyzed data collected among more than 24 000 men and women in 10 European countries to examine, cross-sectionally, the associations of eating at restaurants and similar establishments or eating at work, in comparison to those not doing so, with BMI. Moreover, we have evaluated prospectively associations between eating at restaurants in conjunction with the corresponding energy intake with weight gain. This analysis was undertaken in the context of the EPIC-PANACEA (European Prospective Investigation into CancerFPhysical Activity, Nutrition, Alcohol, Cessation of Smoking, Eating Out of Home and Obesity) study.
Materials
Subjects EPIC is a large multicenter prospective cohort study covering about half a million individuals from 23 centers and regions in 10 western European countries (Denmark, France, Germany, Greece, Italy, The Netherlands, Norway, Spain, Sweden and the United Kingdom), designed with the aim to elucidate the role of dietary, biological, lifestyle and environmental factors in the etiology of cancer and other chronic diseases. Study participants were men and women from the general population, with the exception of France, Norway, Naples (Italy) and Utrecht (The Netherlands) where only women were recruited. All procedures have been conducted in accordance with the Declaration of Helsinki Principles and all participants signed an informed consent form before enrollment. Details on the recruitment and study design have been published. [21] [22] [23] Data collection at baseline followed standardized procedures that have also been described elsewhere. [23] [24] [25] [26] A parallel data collection was undertaken in the context of the EPIC calibration study, which was set up to adjust for possible systematic over-or underestimation of dietary intake measurements and correcting for attenuation bias in relative risk estimates. For these purposes, a single 24-h dietary recall (24-HDR) was collected from a random sample of each EPIC cohort. In total, 36 994 individuals from the participating countries provided one 24-HDR between 1995 (study initiated in France) and 2000 (study completed in Norway). The design and methods of the EPIC calibration study have been described. 27 This analysis makes use of dietary data collected through the EPIC calibration study. To construct the EPIC-PANACEA sample, we excluded 710 EPIC participants on account of pregnancy at baseline, nonavailability of dietary data and implausible energy intake, height or weight at baseline. 28 Eating out, obesity and weight gain A Naska et al
In addition, 11 014 individuals with missing information in one or more of the variables of interest, or with follow-up time o6 months, or with annual weight change over 5 kg were excluded. To maintain the same age range in all the cohorts, we did not include individuals below 35 and over 74 years of age in this analysis (960 individuals). Thus, analysis relied on 24 310 individuals, 8712 men and 15 598 women. Centers or regions were grouped together by country with a single exception: the UK-Oxford group of participants consisting of lacto-ovo vegetarians and vegans was evaluated separately (the UK-health conscious group in contrast to the UK-general population).
Data collection Dietary intake. The consumption of foods and beverages was recorded by a single 24-HDR, using the EPIC-SOFT standardized computerized software developed at the International Agency for Research on Cancer in collaboration with the EPIC centers. 29 EPIC-SOFT was administered by trained interviewers through face-to-face interviews, except in Norway where telephone interviews were carried out as a validated alternative approach. 30 Information was collected on all foods and beverages consumed during the period between waking up on the day of recall and waking up on the following day (interview day). For the calculation of energy and nutrient intakes, the EPIC Nutrient Database developed to harmonize nutrient databases across the EPIC participating countries was used. 31 Assessment of out-of-home eating. For each eating (and drinking) occasion recalled in the 24-HDRs, the place of consumption was reported. 19, 20 In this analysis, 'eating at restaurants' was defined to include all eating and drinking occasions at restaurants, cafeterias, bars or fast food outlets. In addition, 'eating at work' was defined to include eating occasions at work or school because participants were all adults, including a number of schoolteachers. Eating at work is an ambiguous area in out-of-home eating, as it can include eating at the work canteen or acquiring an item from a shop or a vending machine, but it can also include, as it frequently does, eating or drinking something sourced from the household supplies. Our decision of considering eating at work separately in our analysis and not considering it together with eating at restaurants and similar establishments is dictated by this fact. All other eating and drinking occasions that were recalled to have been consumed at home or at friends' houses (and to a far lesser extent at any other of the remaining locations, that is in a street, car/boat and other) were labeled as 'eating at home', reflecting essentially home eating. For the purpose of this analysis and under the assumption that individuals who did not report consuming any item out of home on the recall day are less likely to eat out frequently than those who reported doing so, three mutually exclusive groups were formed as follows: (1) participants who reported eating at restaurants as previously defined, whether or not they also reported eating at work (eating at restaurants); (2) participants who did not report any consumption at restaurants, but consumed at least one item at work (eating at work) and (3) participants who did not report any consumption at restaurants or at work (eating at home).
Assessment of weight and height. Anthropometric data used for the cross-sectional analysis were collected on the day of the 24-HDRs and were mainly self-reported with some exceptions: in Umea (Sweden), height was self-reported and weight was measured; in Malmö (Sweden), only weight was measured and baseline measurements of height were used; in Denmark, Italy, The Netherlands and UK-Cambridge, the measured baseline weight and height were used because the time difference between the two data collections was o1 year (or o7 months for Denmark and The Netherlands). BMI was calculated as the ratio of weight in kilograms divided by the square of the height in meters and participants were initially classified into four categories according to WHO definitions:
1 underweight (BMIo18.5 kg m
À2
), acceptable weight (BMIX18.5 to o25 kg m ). At follow-up, weight was also self-reported, except in Norfolk (the United Kingdom) and Doetinchem (The Netherlands), where individuals were invited for a second measurement of body weight. As the average follow-up times were different across the study centers (from 1.1 years in regions in France to 9.4 years in Varese, Italy), the annual weight change (kg per year), that is, weight at follow-up minus weight on the day of the 24-HDR interview divided by follow-up time (in years), was used in the prospective analysis.
Assessment of potential confounders. Lifestyle, anthropometric and sociodemographic characteristics, including age, weight, height, school level, smoking status, physical activity and occupation, were recorded at baseline. 23, 25 School level was classified as none or primary school completed; technical, professional or secondary school completed; and university degree. With respect to smoking status, participants were classified as never, former and current smokers. Physical activity was classified into four categories: inactive, moderately inactive, moderately active and active. 32, 33 The information on participants' physical activity collected in Umea (Sweden) and Norway was not comparable to the one collected in the other centers and was therefore not included in this analysis. These participants (9.6%) were classified in a separate category. Finally, occupation was used as a dichotomous variable (employed and not employed).
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Statistical analyses
All statistical analyses were performed using the Stata statistical package (Stata/SE 8.0. for Windows; Stata Corporation, College Station, TX, USA) and were run separately for men and women. To allow for differences in data collections, we calculated mean energy intakes through weighted regression models adjusting for age continuously and applying a set of weights taking into account the day of the week (Monday to Thursday, Friday to Sunday) and the season (spring, summer, autumn, winter) recalled in the 24-HDRs. 27, 34 For descriptive purposes, percentages of participants eating at restaurants or eating at work in categories of potential confounders, as well as BMI groups based on follow-up anthropometric measurements, were calculated by BMI groups.
Cross-sectional analysis. Three-level (individuals within centers within countries), multivariate linear mixed-effects models were fitted using BMI on the day of the 24-HDR as the outcome variable and, alternatively, two dichotomous variables as the main predictors: (1) a variable contrasting those eating at restaurants (whether they were also eating at work) versus those not eating at restaurants (whether they were also eating at work) and (2) after excluding those eating at restaurants, a variable contrasting eating at work versus eating essentially exclusively at home. Random intercepts and slopesFwhen the interaction between the main predictor and center was found significant (Po0.05)Fwere included. In the case of nonsignificant interactions, random intercept mixed models were used assuming a common effect for eating at restaurants or eating at work. The covariance structure used in the mixed models was independent, allowing a distinct variance for each random effect within a random-effects equation. In these models all the aforementioned potential confounders were introduced in the described categories. Age (continuously, per year) and total energy intake (continuously, per 1 standard deviation increment) were also introduced in the models. Forrest plots were further displayed depicting country-specific estimates along with the overall estimate obtained from the mixed models.
Prospective analysis. In the prospective analysis, the effect of eating at restaurants and, independently, of the energy consumed in restaurants on annual weight change was evaluated by properly modeling the relevant variables. Thus, one model term described the effect of eating at restaurants and consuming the mean energy intake (centered variable, that is, individual energy intake minus mean energy intake) versus not eating at restaurants, whereas another term described the effect of energy intake among individuals who reported eating at restaurants on the day of the recall. Thus, a variable, say Z1, is coded 1 if participants reported eating at restaurants and 0 if not (that is, the variable used in the cross-sectional analysis). The centered variable, say Z2, is always introduced in conjunction with Z1 (that is, Z1 Â Z2, even though Z2 does not appear on its own in the model) and aims to estimate the weight gain per increment in energy intake at restaurant(s) among participants who reported eating at restaurants. Accordingly, Z1 (and thus Z1 Â Z2) take the value of zero among individuals who did not report eating at restaurants; the regression coefficient b1 (of Z1) shows the effect of eating at restaurants and reporting energy intake equal to the mean versus not eating at restaurants (because Z1 Â Z2 becomes zero when Z2 becomes zero); and the regression coefficient b2 (of Z1 Â Z2) describes the effect of a certain increment of energy intake (set at 500 kcal) among individuals who reported eating at restaurant(s). 35, 36 These model terms were introduced to the multivariate linear mixed-effects models described above to assess the association between eating at restaurants in conjunction with the corresponding energy intake with weight gain. The confounders considered in the cross-sectional analysis were also introduced in the prospective analysis, together with the participants' BMI on the day of the recall and follow-up time.
In subsequent subgroup analysis, participants were separated into two age groups (below and above 60 years). Analysis was further repeated after excluding under-(and over-) reporters identified using the Goldberg criteria 37 (3355 observations). Table 1 presents mean energy intake when eating at restaurants, eating at work and total energy intake, together with the mean BMI and annual weight change of male and female participants, by country. Overall, men appeared to eat proportionally more at restaurants or at workplace than women. In general, among both men and women in southern Europe energy intake at restaurants was higher than intake at the workplace. In central Europe, the two intakes were very similar, whereas in northern Europe eating at work appeared to contribute more to the energy intake than eating at restaurants. Among men, the contribution of eating at restaurants to daily energy intake ranged between 12% (Spain) and 4% (UK-health conscious group) and eating at work contributed between 15% (UK-general population) to 4% (Spain). Among women, contributions were smaller and eating at restaurants provided between 7% (UK-general population) and 3% (Norway) of the daily caloric intake. The contribution of energy intake at work to the total daily energy intake was relatively close to that at restaurants, with the exception of Spain (eating at restaurants provided 7% whereas eating at work only 1% of the daily energy intake) and Nordic countries (eating at restaurants was responsible for about 4% and eating at work for about 11% of the daily caloric intake).
Results
In Table 2 the proportional distribution of participants by eating occasion and BMI category on the day of the 24-HDR is presented across personal and lifestyle characteristics, as Eating out, obesity and weight gain A Naska et al well as BMI categories at follow-up. The distribution of the 24 310 participants included in this study by the characteristics indicated in Table 2 was essentially the same to the distribution of the overall study sample by the same characteristics. Although these data are not directly interpretable because of mutual confounding among several characteristics, comparisons of group frequencies show that eating at restaurants was reported more: among overweight or obese men than among their normal weight counterparts; among participants of higher education than among those of lower educational attainment (a pattern mostly driven by women, data not shown) and among current smokers. With respect to eating at work, normal weight women reported eating at work more frequently than overweight or obese ones.
Figures 1a, b and 2a, b provide gender-specific estimates of associations under study at country level and overall. Results are presented by gender because there was significant gender by eating at restaurants interactions with respect to BMI (P-value for interaction ¼ 0.012). Figure 1a presents adjusted differences in BMI among male consumers at restaurants (as operationally defined) when compared to participants not reporting any consumption at restaurants. Overall, eating at restaurants was found to be positively associated with BMI among men after controlling for potential confounders (b ¼ þ 0.24, P-value of overall estimate ¼ 0.003, P-value for heterogeneity ¼ 0.141). We repeated the analysis after excluding data from Greece, where a strong positive association was detected and the association overall remained positive (b ¼ þ 0.13), although nonsignificant (P ¼ 0.151). The association remained positive and significant after excluding underreporters 37 Figure 2b) . Figure 3 presents adjusted annual changes in body weight per increments of energy intake among men reporting eating at restaurants on the day of the recall. In particular, there is a weak positive but nonsignificant association (b1 ¼ þ 0.05, P ¼ 0.368) between annual changes in body weight and eating at restaurants with energy intake close to the average of the restaurant eaters. An increase of 500 kcal in energy intake at restaurants was marginally positively related to weight gain (b2 ¼ þ 0.01, P ¼ 0.836), after controlling for potential confounders, including total energy intake. Results concerning weight gain in relation to eating at restaurants among women and results concerning eating at work for either gender were unremarkable (data not shown). Table 1 Mean energy intake (kcal) and contributions to total intake (%) of eating at restaurants and eating at work as well as BMI (±s. Eating out, obesity and weight gain A Naska et al Eating out, obesity and weight gain A Naska et al and 95% confidence intervals (CIs) of eating at restaurants versus not on BMI by country and overall (derived by mixedeffects linear regression model), controlling for potential confounders (age (continuously, per year), educational level (categorically, none or primary school completed; technical, professional or secondary school completed; and university degree), physical activity level (categorically, inactive, moderately inactive, moderately active, active and unknown), smoking status (categorically, never, former and current smokers), occupation (categorically, employed and not employed) and total energy intake (continuously, per 1 standard deviation increment)). (b) In women, effect estimate (b) and 95% CIs of eating at restaurants versus not on BMI by country and overall (derived by mixed-effects linear regression model), controlling for potential confounders (age (continuously, per year), educational level (categorically, none or primary school completed; technical, professional or secondary school completed; and university degree), physical activity level (categorically, inactive, moderately inactive, moderately active, active and unknown), smoking status (categorically, never, former and current smokers), occupation (categorically, employed and not employed) and total energy intake (continuously, per 1 standard deviation increment)).
Eating out, obesity and weight gain A Naska et al from the analyses) on BMI by country and overall (derived by mixed-effects linear regression model), controlling for potential confounders (age (continuously, per year), educational level (categorically, none or primary school completed; technical, professional or secondary school completed; and university degree), physical activity level (categorically, inactive, moderately inactive, moderately active, active and unknown), smoking status (categorically, never, former and current smokers) and total energy intake (continuously, per 1 standard deviation increment)). (b) In women, effect estimate (b) and 95% CIs of eating at work versus eating at home (those eating at restaurants were excluded from the analyses) on BMI by country and overall (derived by mixed-effects linear regression model), controlling for potential confounders (age (continuously, per year), educational level (categorically, none or primary school completed; technical, professional or secondary school completed; and university degree), physical activity level (categorically, inactive, moderately inactive, moderately active, active and unknown), smoking status (categorically, never, former and current smokers) and total energy intake (continuously, per 1 standard deviation increment)).
Discussion
In a large sample of 24 310 men and women aged 35-74 years and participating in the EPIC study, we calculated energy intake obtained from foods consumed at restaurants, bars, cafeterias or fast food outlets (eating at restaurants) or consumed at work using data collected in 10 European countries through highly standardized 24-HDRs. Crosssectionally, BMI was found to be positively associated with eating at restaurants among men particularly older men, after adjusting for sociodemographic and lifestyle factors. When the cross-sectional analysis was repeated after excluding data for Greek men, who reported higher BMI in comparison to men in the other study centers (even though the interaction by center was not statistically significant), the association remained positive albeit not significant. Essentially no association between BMI and eating at restaurants was observed among women, as well as between BMI and eating at work in both genders. In a prospective analysis among men, eating at restaurants was found to be positively, albeit nonsignificantly, associated with weight gain. No association was, however, detected between energy intake at restaurants and weight changes, controlling for total energy intake. In previous work using these data, but with a different definition of eating out, no association between BMI and out-of-home eating was detected. 19 Our finding of a positive association between eating at restaurants and BMI among men agrees to that of a large study in the United States among 16 000 adults and using two 24-HDRs. 4 The feasibility of direct comparisons with other previous publications is however limited because of the variation in definitions of out-of-home eating and the obesity indicators used. In general, different effects of restaurant food compared to fast food intakes were reported, particularly among women, β2 Figure 3 In men, effect estimate of eating at restaurants and reporting average energy intake (versus not eating at restaurant) (b1) and of energy intake at restaurants (per 500 kcal increase among restaurant eaters) (b2) and corresponding 95% confidence intervals (CIs) on annual weight change by country and overall (derived by mixed-effects linear regression model), controlling for potential confounders (age (continuously, per year), educational level (categorically, none or primary school completed; technical, professional or secondary school completed; and university degree), physical activity level (categorically, inactive, moderately inactive, moderately active, active and unknown), smoking status (categorically, never, former and current smokers), occupation (categorically, employed and not employed), BMI on the day of the dietary recall (continuously) and follow-up time (continuously, per year) and total energy intake (continuously, per 1 standard deviation increment)). Note: the effect of eating at restaurants and, independently, of the energy consumed in restaurants on annual weight change was evaluated by properly modeling relevant variables.
Eating out, obesity and weight gain A Naska et al and positive associations were more consistently detected between eating at fast food outlets and BMI or weight gain, 5, 11, 13, 16, 38, 39 usually under the assumption that diets out of home are richer in energy and fat. 3, 10 Other publications either failed to report any association 7, 14 or observed an even inverse association between eating lunch out and the risk of being obese among women. 14 The advantages of this study are the large sample size; the coverage of several countries with standardized protocols; the use of a food composition database harmonized across the participating countries; the control for most sociodemographic and lifestyle factors potentially confounding associations and the use of a conclusive definition for eating out that includes all participants who consumed at least one energy-yielding item at restaurants, cafeterias and similar establishments.
Weight and height used in our investigation were in many cases self-reported, introducing a possibility of misclassification that may attenuate the associations observed. It is further possible that overweight individuals selectively underreport snacking or eating at restaurants and similar establishments in an attempt to claim adherence to what are generally perceived as healthy dietary choices. 40, 41 The use of a single 24-HDR that is less likely to reflect patterns of eating out is another limitation, but we are unable to correct for this because repeated measurements for the same individual were not available. Therefore, some intra-individual random variation most probably exists, but it is not expected to affect mean values for large groups of individuals. The inability, however, to correct mean estimates for within-person variation can result in exaggerated standard errors. The availability of a single 24-HDR may further result in an underestimation of potential associations, but it is unlikely that significant results would be generated when in reality these do not exist. 42 Other limitations are the relatively old study population, the comparison of data collected over a 5-year period in a background of increasing secular trend of out-of-home eating and the lack of temporal correspondence between 24-HDRs and some of the confounding variables. The collective impact of these limitations, however, is likely to be an underestimation of the reported associations.
In conclusion, we found evidence that, among men, eating at restaurants was significantly associated with BMI and nonsignificantly with weight gain. Among women no similar patterns were observed. Moreover, we found no evidence that the amount of energy consumed at restaurants was associated with weight gain. It appears that eating out, except at work, may contribute to overweight at least among men, possibly because they are likely to be less attentive to issues of body weight and healthy eating and more prone to unaccounted excess energy intake.
